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Introduction
Dementia results from the interplay between vascular risk factors, neurodegeneration due to abnormal accumulation of proteins and aging. Neuropathological analysis of human autopsy brains with dementia reveal the combination of amyloid beta (Aβ) plaques and phospho-Tau (pTau) accumulation as neurofibrillary tangles (NFTs), which often co-occur with large and/or small infarcts [1] . When the vascular underpinning is present, Alzheimer's disease (AD) is often accelerated [2] . Despite the frequent occurrence of both diseases, the relationship between vascular dysfunction and AD-related tau pathology is poorly understood.
Hypertension is considered to be the major vascular contributor to cognitive impairment and dementia (VCID) and can accelerate AD progression. Recent studies have begun to address the complex molecular interactions linking hypertension-induced cerebrovascular dysfunction with the formation of AD-related proteinopathies. Hypertension damages the arterioles, leading to reduced cerebral blood flow (CBF) and hypoxia [3] . Hyperphosphorylation of tau is reported to cause cell death potentially via microtubule de-stabilization during the later stages of AD [4] .
Lack of O 2 is one of the factors that could drive p-Tau likely via activation of various kinases [5] .
We previously showed that the spontaneously hypertensive and stroke-prone rat (SHRSP) was hypoxic and consequently had a disrupted blood brain barrier (BBB) associated with white matter (WM) damage [6] . In the present study, we examined the impact of hypoxia in the SHRSP model on gray matter (GM) neurodegeneration, which could be impacted by p-Tau and lead to cell death, eventually contributing to brain atrophy.
Neuropathological analysis of postmortem human brains with dementia shows early increase and an age-dependent progression in extracellular Aβ deposition followed by intraneuronal accumulation of p-Tau [7] . Increasing numbers of studies also show the deposition of
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pathologically misfolded proteins in damaged neurovasculature [8, 9] . These neuropathological correlates of small vessel disease (SVD) may lead to a chain of events characterized by an exacerbated neuroinflammatory response, alterations in vascular permeability and brain lesions [10] reflecting neuronal cell loss [11] [12] [13] , which may contribute to VCID [14, 15] .
The SHRSP model shows neuropathological features of SVD [16] . In the prior studies, our group used the SHRSP fed with a Japanese Permissive Diet (JPD) consisting of high salt and low protein along with a permanent unilateral carotid artery occlusion to assess the effect of hypertension and ischemia on various physiological measures. These SHRSP/JPD animals showed extensive WM damage due to hypoxia, BBB opening in WM regions and behavioral changes [6, 17, 18] . However, it is important to note that since ischemia is not a typical comorbidity associated with VCID, it is therefore important to assess the effects of JPD alone in SHRSP without a unilateral carotid artery occlusion.
Chronic hypertension in SHRSP alters the cerebrovascular morphology of the micro-and macro-vasculature by disrupting arterial endothelial cell lining, promoting the fibrosis of blood vessel walls and narrowing of lumens [19] , thus reducing CBF [20] . Under hypoxic conditions, factors responsible for oxidative metabolism may be altered. In particular, neuroglobin (Ngb) is known to bind O 2 and localize to the neuronal mitochondria [21] , serving as a scavenger of reactive oxygen species (ROS) and exerting anti-apoptotic effects [22] . Understanding the molecular sequence of events in this novel and highly disease-relevant neuropathological cascade may provide much needed insight into the progression of SVD.
The etiology, pathophysiology and molecular causes of SVD are currently unknown and there is a lack of clinically relevant animal model necessary for mechanistic studies [14] . We hypothesize that chronic hypertension coupled with hypoxia will promote a neuroinflammatory
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A N U S C R I P T response and induce p-Tau neuropathology, leading to neurodegeneration via the reduction of Ngb. Our findings suggest that chronic hypoperfusion may drive endogenous rat p-Tau in SHRSP/JPD via a downregulation in Ngb, the release of free radicals and the activation of a neuroinflammatory cascade, resulting in BBB permeability and neuronal cell death. The present correlational and longitudinal study establishes a model that closely mimics VCID neuropathology.
Materials and Methods

Experimental Design
Male SHRSP (n=13) were purchased (Charles River Laboratories International Inc., Wilmington, MA, USA) at 6 weeks (W) of age, a timepoint associated with emerging hypertensive pathophysiology in the model. Age and strain matched Wistar Kyoto (WKY, n=5) served as normotensive controls. Animals were randomized into experimental and control groups using a random number generator software. Weekly blood pressure (BP) and weight measurements were recorded throughout the study. A JPD consisting of 16% protein, 0.75% potassium, 4% sodium (Ziegler Bros Inc., Gardeners, PA, USA) with 1% saline in drinking water was initiated at the end of 11W of age and continued for 4W until the end of the 15W of life, at which point all animals were sacrificed. The 15W timepoint was chosen based on our prior studies showing the appearance of abnormal neurological symptoms and WM lesions on magnetic resonance imaging (MRI) [6] . However, the current research will focus on the dorsolateral cortex (DLCTX) and hippocampus (HIPP). A detailed description of the behavioral phenotype and neurological appearance of each rat was recorded during the study. The WKY control group received a A C C E P T E D M A N U S C R I P T standard rodent diet composed of 19% protein, 0.4% potassium, 0.1% sodium and tap water.
Female rats were omitted from our studies to avoid confounding hormonal effects.
Tissue Preparation
Rats were sacrificed at the end of 15W of life. Pentobarbital was used as an anesthetic (50 mg/kg body weight, intraperitoneally) during perfusion, as described [18] . fluorescent microscope and analyzed using LSM510 Meta imaging software, as previously described [24, 25] .
Biochemical Studies. For Western Blot (WB) studies, rats were perfused with cold saline, the brains were quickly removed and snap-frozen in 2-methylbutane and stored in -80°C, as previously reported [6] . Briefly, frozen brains were sectioned in 400 μm increments and micropunches were collected at -25°C from left and right hemispheres in gray matter (GM) (DLCTX, HIPP) and WM (Corpus Callosum (CC), External Capsule (EC)) brain regions. The tissue punches were lysed in EDTA-free RIPA lysis buffer containing Halt protease (Aprotinin, Bestatin, E64, Leupeptin) and phosphatase (Sodium Fluoride, Sodium Orthovanadate, β-glycerophosphate, Sodium Pyrophosphate) inhibitor cocktail (ThermoFisher Scientific, Inc.).
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A N U S C R I P T Inc.). WB band intensities were normalized against actin, which served as loading control.
Results were quantified using Image J software.
Stereology Count
A C C E P T E D M A N U S C R I P T Positively stained cells on DAB slides were quantified using an unbiased stereology protocol. interest were identified and a grid of 100 x 100 μm was overlaid. The counting frames were set at 100 × 100 μm for DLCTX and 200 × 200 μm for HIPP stereological cell count. Investigators remained blind to the animal identity and staining antibodies throughout the study [26] .
TUNEL Staining
Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining was performed on 15W old brain sections using TUNEL assay kit (Roche, In Situ Cell Death Detection Kit, TMR Red; Cat # 12 156 792 910) followed by NeuN immunofluorescence labeling (see above and as previously described) [27] . Confocal images were acquired and analyzed with a Zeiss inverted Meta confocal microscope and Zeiss Zen software.
Neuroglobin and β-Amyloid 1-42 ELISAs
Microdissections of left and right hemispheres of the DLCTX and HIPP were obtained at the 15W timepoint from SHRSP/JPD (n=7) and WKY (n=4) controls. One hundred mg of tissue was weighed and homogenized in 1mL of 1X PBS with added protease inhibitor cocktail containing AEBSF and PMSF. A tissue tearor followed by a sonicator were used for lysate preparation. The protein concentration in each sample was measured using BCA and microBCA protein assays (Thermo Fisher Scientific, Inc.).
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NADPH Oxidase Activity Assay
NADPH oxidase activity was determined at the 15W timepoint, as previously described [24, 25] .
Briefly, 50 μg of cortical and hippocampal lysates from WKY (n=5) and SHRSP/JPD (n=8) were used to measure NADPH oxidase enzymatic activity based on superoxide-induced lucigenin photoemissions. The data, expressed in relative light units change per μg of protein, were collected in 5 min intervals using a luminometer (PE Applied Biosystems, Bedford, MA). The enzymatic reaction was initiated with the addition of NADPH. NADPH oxidase enzymatic activity was calculated as OD/μg protein/min.
Electron Paramagnetic Resonance
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A lithium phthalocyanine (LiPc) electron paramagnetic resonance (EPR) oximetry probe was surgically implanted for the detection of in vivo cortical O 2 levels in WKY (n=5) and SHRSP/JPD (n=8), as previously described [28] . Briefly, rats were anesthetized with isoflurane less than a third of the intrinsic EPR linewidth [28] . Five scans were averaged to produce accurate signal-noise ratios and the peak-to-peak spectral linewidth was converted to pO 2 values using a calibration curve, as was previously documented by our collaborators [30] [31] [32] .
Magnetic Resonance Imaging
Animal studies:
Brain measurements of gray (DLCTX, HIPP) and white (CC, EC) matter structures were performed using a 4.7 T small animal MRI (Bruker, Biospin) prior to sacrifice, as previously reported [33] . Animals were anesthetized with isoflurane (4% in N 2 O:O 2 (70:30%) for induction and 2% in N 2 O:O 2 (70:30%) for maintenance. Normalized T 2 -weighted intensity ratios (mean region of interest/corresponding to the temporalis head muscle) and brain volumes (VOL) were calculated from T 2 -weighted spin-echo imaging scans (TR=5000ms, TE=56ms, pixel number=256X256, FOV=4cm). Cerebral microbleeds were measured from acquired T 2 -weighted MRI scans, as described [34] . Diffusion tensor imaging (DTI) parameters collected and analyzed include apparent diffusion coefficient (ADC) and fractional anisotropy (FA) measuring tissue microstructural integrity through magnitude and directionality of water movement and arterial spin labeling (ASL) detecting changes in CBF.
Human MRI Hippocampal and Cortical Volumetric Studies:
Subcortical ischemic vascular disease of the Binswanger type (SIVD-BD) is a form of VCID characterized by extensive white matter hyperintensities that has similar pathological changes in the human brain as seen in the SHRSP [35] . The cell death in the HIPP and dorsal cortex in SHRSP suggests that hypoxia damages both the WM and GM structures. Therefore, we studied a group of patients with SIVD-BD (n=38; mean age=68; male/female ratio=23/15) and compared them to healthy controls, (n=47; mean age=63; male/female ratio=18/29) with MRI. All patients with cognitive impairment passed a test of competency to assure they understood the proposed studies. Control subjects were healthy elderly volunteers. A multi-echo MPRAGE sequence was used for T 1 -weighted images on a Siemens 3T scanner. The imaging parameters were field-of- 
Statistics
Differences between treatment groups were analyzed using Sigma Plot (Version 12.0, Systat Software Inc., San Jose, CA, USA). Data are presented as mean±SEM. A p-value of <0.05 was considered statistically significant. Power calculations determined a power of > 80% with a sample size of 7 assuming an α-level of 0.05. One-Way ANOVA followed by a Holm-Sidak post-hoc test or an unpaired Student's t-test for two-group comparisons were used to compare experimental and control groups, where appropriate. Pairwise group differences for HV and mCT between healthy controls and each of the patient groups were calculated, incorporating age and gender as covariates. Box plots for HV and mCT were drawn to compare the SIVD-BD group to the control group of subjects. The box plots depict the standard five-number summary,
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which includes the minimum, first quartile, median, third quartile, and maximum, excluding the outliers (+). Multiple linear regression was done to study hippocampal volume (HV) and mean cortical thickness (mCT) group differences between SIVD-BD and healthy control subjects with age, gender, and magnetic field strength as covariates.
Results
Characterization of the SHRSP/JPD Model. We observed structural changes in GM regions, which include DLCTX and HIPP in the SHRSP/JPD, but not in WKY control rats. The DLCTX was the cortical sub-region that showed increased injury. Representative MRI maps at 15W (Fig. 1A) show greater brain injury in SHRSP/JPD, as quantified by higher normalized T2-hyperintensity ratios (DLCTX: p=0.018, Fig. 2A) . Primary antibody omissions confirmed antibody specificity in all histological experiments. Subsequent experiments were designed to determine a mechanistic link between BBB opening and the peripheral circulation.
DAB staining for cortical and hippocampal Hgbα and Hgbβ showed higher levels in the SHRSP/JPD group (Fig. 2B) to low Hgb expression in controls (Fig. 2C&2D) . It is noteworthy that these blood-based markers are likely derived from cerebro-microvessels and damaged tissues since all animal brains were perfused prior to histological analysis. Additional HIPP subregional differences were also found, with Hgbα + (Supplemental Fig. 2C ) and Hgbβ + (Supplemental 
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To investigate whether a state of chronic hypoxia exists in our model, we relied on a minimally invasive EPR oximetry for the study of in vivo cortical O 2 levels. A LiPc EPR probe detecting O 2 levels was surgically implanted in the right DLCTX brain region at 10W of life in experimental and control groups. The probe location was confirmed in post-mortem tissue slices, as indicated in Fig. 3A . A timecourse of EPR recordings in live rats for interstitial pO 2 levels from 10W-15W was performed (Fig. 3B) . We observed a significant drop in pO 2 of SHRSP/JPD at 12W (p<0.05), which remained consistently low until 15W (13W: p<0.01, 14W: p<0.05, 15W:
p<0.001), whereas age-matched WKY controls maintained normal pO 2 levels. Additional biochemical studies confirmed the EPR findings and demonstrated a state of hypoxic hypoperfusion in the SHRSP/JPD model. We measured HIF1α protein expression by WB, a transcriptional regulator elevated during hypoxia, and compared it to an actin loading control.
Consistent with EPR data, we found HIF1α upregulation in the DLCTX (p=0.05) and HIPP
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A N U S C R I P T (p=0.046), where HIF1α protein expression more than doubled in SHRSP/JPD compared to normotensive WKY controls (Fig. 3C) .
After observing that hypertension-induced hypoxia occurs in the SHRSP/JPD model, we set out to determine the molecular pathways contributing to the observed brain damage. We measured free radical production at 15W (4W after the initiation of the high salt diet) by the activity of NADPH oxidase, a generator of superoxide and a potent free radical. Results indicate a non-significant trend for increased NADPH enzymatic activity in the DLCTX (p=0.072), with a robust increase in NADPH oxidase (p=0.013) in the SHRSP/JPD HIPP compared to WKY controls (Fig. 4A) . Second, we determined the level of the reactive nitrogen species (RNS), 3-NT, in total DLCTX and HIPP lysates. Although a band for 3-NT DLCTX protein expression was absent (data not shown), we observed a significant increase in hippocampal 3-NT levels normalized to actin loading control in SHRSP/JPD compared to WKY (p=0.003, Fig. 4B ). We also stained for the lipid peroxidation marker, 4-HNE, in cortical and hippocampal brain slices (Fig. 4C) (Fig. 4D) . ELISA quantification confirms these findings, showing significantly reduced hippocampal Ngb protein expression (p=0.008) in SHRSP/JPD versus controls (Fig. 4E) .
Neuropathological Correlates of Hypoxic Injury.
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To investigate the neuropathological correlates of SVD in our model, experiments were designed to quantify protein misfolding and aggregation. First, we tested the profile of tau pathology using DAB staining for AT180 + cells targeting mid-stage p-Tau, phosphorylated epitope site pThr231, (Fig. 5A) . Stereological quantification confirmed that p-Tau is significantly higher in the DLCTX (p=0.011) and HIPP (p=0.003) of SHRSP/JPD compared to WKY controls (Fig. 5B ). An additional p-Tau marker, ALZ50, which is a conformation-specific antibody targeted against amino acids 2-10 and 312-342 of misfolded tau and detects pre-tangle conformation of pathological tau, also appeared to be elevated in SHRSP/JPD but not in WKY characterized by Lewy bodies [36] . Histological and biochemical analyses failed to show differences in α-SYNUC protein expression between experimental and control groups (Fig. 5D,   5E ). Third, we investigated the Aβ 1-42 peptide (targeting rat Aβ and corresponds to amino acids 33-42 of human Aβ ) in the SHRSP/JPD model, which is recognized as a neurotoxic and aggregated Aβ known to deposit as senile plaques in AD. We observed the lack of significant differences in Aβ 1-42 immunoreactivity (Fig. 5F ) and protein levels measured by ELISA (Fig.   5G) , as well as the absence of Cerebral Amyloid Angiopathy (CAA), a condition characterized by Aβ deposition along blood vessel walls, in the DLCTX and HIPP regions of experimental and control groups (Fig. 5H) . In line with our hypothesis, we predicted that a pro-inflammatory cascade will be initiated by hypoxia and serve as an important mediator of neuropathological changes leading to neuronal cell death in our model. We next explored evidence for inflammation by labeling microglia with an antibody that is a specific microglial marker, CX3CR1 (fractalkine receptor) [37] . The SHRSP/JPD model showed robust CX3CR1 + A C C E P T E D M A N U S C R I P T microglial cells in the HIPP (Fig. 6A) . In contrast, microglia appeared resting with only basal immunoreactivity to CX3CR1 in WKY controls. To assess activated microglia-induced proinflammatory cytokine release, we measured IL-1β expression. Since IL-1β is one of the important pro-inflammatory cytokines known to promote inflammatory cascade in the brain [38] and also relevant to VCID [39] , we focused on IL-1β. We found elevated active-IL-1β levels via Fig. 6C ) and corresponding NeuN + cell counts (Fig. 6D) confirmed that neuronal cell death is occurring in SHRSP/JPD brains but not in age-matched WKY controls (DLCTX: p=0.043, HIPP: p=0.044). We detected HIPP subregional differences in NeuN + cell number, which were significantly reduced in the CA1 (p=0.032) and CA3/DG (p=0.021) of SHRSP/JPD versus WKY controls (Supplemental Fig. 2B ). The presence of numerous TUNEL + cells in the HIPP suggested that the neurodegeneration is likely occurring via apoptosis (Fig. 6E) .
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Discussion.
Our results suggest that hypoxic hypoperfusion initiates a neuropathological cascade involving free radical production, microglial activation, BBB disruption and tau hyperphosphorylation in the GM of SHRSP/JPD (Fig. 8) . Earlier studies showed that chronic hypoxia induced by permanent unilateral carotid artery occlusion and followed by a 4W high salt diet is sufficient to induce long-term neuropathological and vascular WM changes consisting of neuroinflammation, BBB dysfunction, brain injury and cognitive impairment in the SHRSP/JPD model [6, 18, 28] . The present study extends these findings to the DLCTX and HIPP GM in a non-occluded rat model, thereby linking hypoxia and cerebrovascular dysfunction with the spontaneous occurrence of tau pathology in SHRSP/JPD. Hypoxia may also exert direct effects A C C E P T E D M A N U S C R I P T on microglia and other supporting cells of the brain, which was omitted from Figure 8 as studies exploring these cell types are beyond the scope of the present study.
Our findings in the accelerated SHRSP model show that a chronic state of hypoxic hypoperfusion, beginning one week following the initiation of a high salt, low protein diet, induces a global injury pattern in GM (DLCTX, HIPP) and WM (CC, EC), which is associated with a reduction in CBF to these brain regions. Changes in blood vessel morphology in SHRSP without JPD may also occur early in life [40] . Our observations are consistent with prior studies by our group showing reduced tissue pO 2 and increased HIF1α in WM of unilateral carotid artery occlusion subjected SHRSP [18, 28] . Low O 2 levels in the present study corresponded with increased ROS and RNS and resulted in further tissue damage. Evidence from other chronic hypoperfusion studies supports our claims, showing corresponding ROS [41] and RNS elevation [42] and lipid peroxidation [43] , possibly suggestive of altered mitochondrial oxidative stress pathways in hypertensive rats, which may cause increased sensitivity to hypoxic insult [44] .
Previously, we showed that intact mitochondrial function is essential for hippocampal neuroprotection in a 4-vessel occlusion rat model of global cerebral ischemia [25] . Therefore, we postulate that Ngb downregulation by HIF1α may trigger electron transport chain disruption in the neuronal mitochondria and the generation of O 2 and nitrogen free radicals, thus activating microglia-derived neuroinflammatory factors, including p38 mitogen-activated protein kinase (p38 MAPK), which can phosphorylate neuronal tau [23] and promote neurodegeneration. In spite of controversial evidence surrounding Ngb expression in neurological disease [45, 46] , we postulate that hypertension-induced hypoxia will promote neuronal-intrinsic downregulation of Ngb as a compensatory and situation-specific physiological mechanism necessary to achieve sufficient O 2 levels. Furthermore, the link between microglia-mediated inflammation (via IL-1),
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A N U S C R I P T neurotoxicity and tau hyperphosphorylation/aggregation has been previously described by our group [23, 27, 47] .
More relevant to the link between hypertension and tau-associated cell death, we found the hyperphosphorylation of tau in the DLCTX and HIPP of the SHRSP/JPD model, which was absent from normotensive and age-matched WKY controls. Our results are in agreement with animal studies showing p-Tau in the SHRSP CTX [9] and with clinical MRI studies demonstrating an association between higher Braak NFT stage and hippocampal brain atrophy [48] . We performed Gallyas silver staining but failed to detect any mature pathological tau assemblies in the studied brain regions. Therefore, we believe that some kind of soluble but toxic forms of tau oligomers or smaller aggregates may be responsible for neuronal cell death [49] , such as cis p-Tau, disrupting microtubule networks and propagating to nearby neurons [50] . In our studies, p-Tau correlated with significantly elevated systolic BP, which may alter microtubule motor proteins and contribute to axonal transport defects and damage to GM structures [51, 52] . We did not find expression of aggregated and toxic proteins, such as Aβ and α-SYNUC. We also did not observe the presence of CAA in the SHRSP/JPD [10] . These negative findings suggest that the observed neuropathology in our model is tau-specific [53] .
Chronic hypertension and neurovascular dysfunction are known potential triggers for inflammation [54] , and hypoxia-induced inflammation has been shown to promote GM damage and neurological deficits [13, [55] [56] [57] . We found that hypertension-mediated hypoxia is associated with a pro-inflammatory response, BBB leakage and neurodegeneration in cortical and hippocampal brain regions of the SHRSP/JPD model. Although the precise sequence of events remains to be delineated, data from SHRSP studies suggests that free radical production promotes remodeling of the cerebrovasculature, initiating an inflammatory response and A C C E P T E D M A N U S C R I P T resulting in BBB permeability in GM structures [19, 58, 59] . Furthermore, we speculate that neurodegeneration may likely be exacerbated by a microglia-mediated pro-inflammatory response. An increase in cytokine production was documented in the HIPP of a SHR model of VCID [60] , which parallels our findings of elevated IL-1β expression. Our studies in SHRSP demonstrate neuroinflammation-induced vascular alterations leading to MRI injury and BBB dysfunction. One possible mechanistic explanation for a damaged BBB and Hgb leakage from the peripheral circulation into the brain parenchyma may be due to hypertension-induced transendothelial transport. Another possible explanation is a state of capillary and arteriolar erythrocyte accumulation (stases), correlating with small vessel microbleeds observed on MRI [10, 61] . In fact, Hgb and its degradation products have been recognized as neurotoxins [62] , interfering with the NADPH system and promoting lipid peroxidation [63] in an animal model of VCID. Additionally, neuronally-derived Hgb may also contribute to the observed increase in Hgbα and Hgbβ [64] . Consistent with these findings, we also observed neurodegeneration in the DLCTX and HIPP regions of our SHRSP/JPD model, corresponding to higher cortical T2-hyperintensity ratios and reduced hippocampal FA as compared to normotensive WKY controls.
Our observations that higher numbers of neuropathological markers accumulated in the right hemisphere compared with the left is suggestive of right hemispheric dominance and brain asymmetry in the rat circulatory system [65, 66] . Our data also revealed a higher hippocampal brain VOL in SHRSP/JPD, suggestive of vasogenic edema, as noted by Sironi and his group [67] . Prior studies by our lab showed structural changes to the WM tracts in the CC and EC of an ischemic SHRSP model [6] . Here, we extend these findings by showing significantly higher T2-hyperintensity normalized ratios in the DLCTX, CC and EC, correlating with reduced CBF and neuronal cell death occurring by apoptosis in the accelerated SHRSP/JPD model but not in WKY A C C E P T E D M A N U S C R I P T rats. This is consistent with reports in SHR showing decreased neuronal cell count associated with apoptosis [68] .
The MRI findings in patients with SIVD-BD, which has similar pathological changes in the WM, showed reduced hippocampal VOL and mean cortical area. This clinical data is consistent with our findings in the animal model of neuronal cell death in the HIPP and CTX brain regions, but not with the observed increase in hippocampal VOL on MRI in the SHRSP.
We propose that the rapid evolution of hypertensive damage in the SHRSP leads to an increase in vasogenic edema in the GM, which spreads to the WM [69] . Since there is an acceleration of the injury with dietary modification in the SHRSP, it is unlikely that there was sufficient time for the edema in the HIPP to resolve, and that over a longer timecourse, atrophy would have 
Conclusions.
In conclusion, our results suggest that hypertensive SVD lowers the threshold for injury due to cerebral hypoxic hypoperfusion. Sustained vascular dysfunction coupled with a neuroinflammatory response are sufficient to drive sporadic tau hyperphosphorylation and neurodegeneration by a hypoxia-dependent mechanism. While the observations presented in this A C C E P T E D M A N U S C R I P T study are correlational, they will inform future studies to explore the molecular mechanisms responsible for VCID.
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